A b s t r a c t Objective: In the context of an inpatient care provider order entry (CPOE) system, to evaluate the impact of a decision support tool on integration of cardiology ''best of care'' order sets into clinicians' admission workflow, and on quality measures for the management of acute myocardial infarction (AMI) patients.
with AMI who received thrombolytic therapy initiated in the emergency department would not receive aspirin, but should receive beta-blockers within the first 24 hours (unless a contraindication existed). Both the Center for Medicare and Medicaid Services (CMS) and the Joint Commission for Accreditation of Healthcare Organizations (JCAHO) mandate the use of these measures to assess and monitor quality of care for AMI patients. Despite the strong evidence that independently administering aspirin and/or beta-blockers soon after the onset of a patient's symptoms prolongs life, studies demonstrate that adherence to these recommended evidencebased therapies is still far from optimal, with substantial regional variation. [3] [4] [5] Recent successful quality improvement initiatives targeting the acute coronary syndrome (ACS) 1 patient population that includes patients with suspected AMI recommend standardized order sets to increase compliance with key evidence-based therapies. These studies have demonstrated significant improvement in compliance with early aspirin and beta-blocker use for ACS patients with standardized order set use. [6] [7] [8] However, the underlying processes were paper based, where standardized order sets were used at the discretion of the clinicians with no automated decision support.
Grimshaw and Russell
5 reviewed 59 published evaluations of clinical guidelines and found that the most effective guideline implementation strategies delivered patient-specific advice at the time and place of consultation. Care provider order entry (CPOE) provides a useful platform for integrating knowledge into clinicians' workflow by presenting just-in-time treatment advice tailored to the needs of individual patients. 9 Care provider order entry systems with decision support have been recognized for promoting safe use of medications. Such safety features include (1) patient-specific dosing suggestions, 10 (2) reminders/prompts for appropriate drug selection and administration, 11, 12 (3) drug-allergy and drug-drug interaction checks, 13 and (4) standardized ''best of care'' order sets constructed to guide clinicians. 14, 15 In addition, CPOE systems with decision support have been touted as effective tools in helping physicians improve preventive care, [16] [17] [18] [19] guideline compliance, 20, 21 and resource use. [22] [23] [24] [25] Although many studies have demonstrated that CPOE-based interventions that prompt physicians to individual treatment options yield increased compliance, there is not much experience with their utility in facilitating the use of standardized order sets earlier in the hospital course. In this article, we developed a CPOE-based decision support tool to improve admission practices by facilitating use of standardized ''best of care'' order sets at the time of admission. We evaluated the effectiveness of the intervention for the management of (1) all patients with ACS (suspected for AMI at the time of admission) and (2) a subset of the ACS patients who had confirmed discharge diagnosis of AMI (because those patients are specifically the target of both the AHA guidelines and those to whom JCAHO quality measures are applied), with respect to early use of the standardized ACS order set and to the association of ACS order set use with early aspirin and beta-blocker ordering behaviors.
Methods

Setting
The WizOrder is VUMC's CPOE system with integrated decision support. [26] [27] [28] [29] [30] Currently, all inpatient orders are entered using WizOrder. Approximately 15,000 orders are entered into WizOrder per day with 75% of them being directly entered by physician staff including attending physicians, interns, residents, and fellows. The rest are entered by other clinical staff (including nurses, pharmacists, and others) after clinicians generate verbal or written orders. During the study period, the Emergency Department at VUH had not yet implemented the CPOE system (this was done during 2004), so that orders written and carried out in the Emergency Department were not analyzed in the current study.
Baseline CPOE system features at the time of study included (1) drug-allergy and drug-drug interaction checks, (2) interventions to promote cost-effective care, (3) more than 1,000 order sets encapsulating ''best of care'' practices, (4) linked patient-specific access to educational resources and biomedical literature, and (5) a programmable rules engine used to deliver Web-based decision support modules for the implementation of guidelines. 28 
Intervention: Admission Advisor
Within WizOrder, order sets are typically invoked voluntarily, at the user's discretion, for specific patient-related indications. Prior to this project, no effective tools were available to directly facilitate appropriate order set use within the CPOE system. Rather than searching for an optimal order set to address the particular case at hand, busy clinicians frequently composed orders in an ad hoc manner based on their knowledge, recall, and judgment about the case. Under such circumstances, clinician-users constructed all orders one by one, rather than from evidence-based templates. In an effort to promote order set use early in the hospital stay, the authors developed the Admission Advisor, a decision support module that alerts physicians to relevant diagnosis/procedure-specific order sets for a patient upon admission. The Admission Advisor directed admitting physicians, including attending physicians and house staff, to service-based diagnosis/procedure-specific order sets (after entry of an admission order placing the patient on one of the cardiology units) using the CPOE system programmable rules engine. 28 If the admitting physician indicated that one of the recommended order sets should be initiated, the Admission Advisor logic immediately displayed the order set template for selection of appropriate orders. Upon initiation, the selected order set became the patient-specific (default) order set and was displayed on the screen every subsequent time a clinician initiated an order entry session for the same patient. If the admitting physician rejected the recommendation, the CPOE system allowed individual order entry as described above. Figure 1 illustrates the steps generated by the Admission Advisor. Prior to the implementation of the Admission Advisor, order sets relevant to care of ACS/AMI patients were reviewed and revised by the cardiology clinical team (including attending faculty and case managers) for content, completeness, and accuracy. At the beginning of each monthly rotation, house staff rotating through cardiology were introduced to the existence of and value of using the ACS order set during their cardiology service orientation. Within the ACS order set, actions to select and order aspirin or beta-blockers were separate, i.e., it was not possible to order both with a single mouse click. Ordering of each represented independent judgments.
Study Design
The study was a before-and-after design with respect to the implementation of the Admission Advisor. The conceptual framework that illustrates the hypothesized associations among study variables is provided in Figure 2 . As illustrated in this diagram, it is hypothesized that implementation of the Admission Advisor influences ACS order set use, and ACS order set use influences early aspirin and beta-blocker ordering behavior where ACS order set use serves as a mediating variable between the intervention and compliance with early aspirin and beta-blocker use. We adopted JCAHO patient inclusion guidelines established for the evaluation of compliance with AMI quality-of-care measures to define the AMI population considered in this study. 31 The AMI patient population included all cases older than the age of 18 years who were discharged from VUH with a principal discharge diagnosis of AMI (as determined by the billing ICD-9 codes 410.xx) between August 1, 2002, and September 30, 2003 . In addition, we devised a criterion to identify admissions with suspected AMI based on the presence of a set of AMI diagnostic orders entered within the first 24 hours of admission. The presence of an electrocardiogram (EKG) order in conjunction with a troponin or a creatine kinase isoenzyme MB (CKMB) order entered within the first 24 hours of admission was employed to identify a set of patients with expected high sensitivity for suspected AMI at the time of admission (''sensitive for AMI'' set).
The evaluation considered in this paper aims to (1) compare pre-and postintervention cohorts with respect to ACS order set use, (2) compare early aspirin and beta-blocker use with respect to ACS order set use status, and (3) compare preand postintervention cohorts with respect to early aspirin and beta-blocker use.
The evaluation steps listed above were repeated for two separate patient populations. The first population included the previously defined ''sensitive for AMI'' set (i.e., all patients who had an EKG order in conjunction with a troponin or a CKMB order entered within the first 24 hours of admission) admitted to VUH cardiology units. This patient population was considered to test the effectiveness of the intervention for all patients suspected for AMI at the time of admission. The second population considered was a subset of the ''sensitive for AMI'' set with a confirmed discharge diagnosis of AMI. This population included all suspected AMI admissions to VUH cardiology units, who were later discharged with a primary diagnosis of AMI. This group represents the confirmed AMI cases that also satisfied the criterion for suspected AMI at the time of admission. It is important to note that the VUH Cardiology Service receives a number of AMI transfers from other care facilities around middle Tennessee. Some of these transferred AMI patients do not satisfy the admission criterion for the ''sensitive for AMI'' set because their symptoms might have resolved and their diagnostic tests were performed prior to their arrival at VUH. The second patient population described above excludes patients with a primary discharge diagnosis of AMI who do not satisfy the admission criterion for the ''sensitive for AMI'' set.
Evaluation of the intervention in this before-and-after design was complicated by a coincidental event, the introduction of a CPOE-based discharge-planning tool. 32 The discharge-planning tool was introduced in August 2002, the beginning of the preintervention period of this study and was in place throughout both pre-and postintervention periods. It is a decision-support module that implements AMI discharge guidelines via point of care reminders to improve quality of care for AMI patients including aspirin and beta-blockers at the time of discharge. Its relationship to this study is considered further in the Discussion section.
Outcome Measures
The primary outcome for this study was the rate of ACS order set use. The secondary outcome was the association of the ACS order set use with recommended early aspirin and/or beta-blocker use. The compliance rate for ACS order set use was calculated as the percentage of study patients who had at least one order entered via the ACS order set within 24 hours of admission. Compliance rates for early aspirin and beta-blocker use were individually calculated as the percentage of study patients who had orders to begin each medication within the first 24 hours of admission.
Data Sources
Every order placed by clinicians in the CPOE system is stored in its log files, which, for system monitoring and quality control purposes, contain all the information related to an order including order identification number, order name, order type (pharmacy, nutrition, nursing, etc.), order date and time, order component fields (e.g., frequency, dose, route, etc.), patient medical record number for the order written, ordering physician, hospital unit where the order was entered, and the order set (if any) from which the order was selected. Order set use and compliance analyses were conducted by parsing the CPOE system log files generated during the study F i g u r e 2 . Conceptual framework with the hypothesized associations among study variables.
period. For each study patient's medical record number, the CPOE system log files generated during the patient's hospital stay were analyzed to identify the matches for the evidencebased quality-of-care indicators considered in this study.
Statistical Analyses
The unit of analysis for the assessment of compliance with both ACS order set use and recommended early aspirin and beta-blocker ordering was the patient. Hypothesized associations between the variables considered in the conceptual framework are provided in Figure 2 . All the variables considered in the framework (implementation of the Admission Advisor, ACS order set use status, early use of evidencebased quality-of-care indicators for AMI) were dichotomous, taking values ''0'' or ''1.'' Therefore, the influence of the implementation of the Admission Advisor (x 1 ) on the use of the ACS order set (x 2 ), x 1 on early aspirin and beta-blocker use (y), and x 2 on y were evaluated by examining a set of univariate and multivariate generalized estimating equations (GEEs) to adjust for the dependency over repeated patientlevel observations (e.g., order set use, aspiring use, betablocker use) for each admitting physician. The degrees of association between the dependent and the independent variables are represented as odds ratios.
Our analyses did not control for every ordering provider since there was not a simple one-to-one relationship between ordering providers and patients as presented later in the Results section.
Pre-and postintervention patient demographics were compared with the use of two-sided t-test and x 2 test. Finally, two-sided x 2 test was employed to compare the proportions of recommended early aspirin and beta-blocker use before and after the implementation of the CPOE-based dischargeplanning tool and prior to the implementation of the Admission Advisor. For all analyses, traditional significance level (a 5 0.05) was used to declare a significant association.
Results
Description of the Study Populations
During the study period, 540 patients admitted to VUH cardiology units had an EKG order in conjunction with a troponin or a CKMB order entered within the first 24 hours of admission, satisfying the criterion for a suspected AMI (''sensitive for AMI'' set). Of these, 313 were admitted during the preintervention period and 227 were admitted during the postintervention period. Of the 540 suspected AMI admissions, 180 were discharged with a primary hospital-coded discharge diagnosis of AMI (ICD-9 code 410.xx). Of the 180 patients with confirmed AMI, 105 were admitted during the preintervention period and 75 were admitted during the postintervention period.
A total of 135 physicians admitted 540 suspected AMI patients to VUH cardiology units (a mean of 4 6 3.92 patients per provider; median, 2; range, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Of these, 84 physicians admitted 313 patients during the preintervention period, and 68 physicians admitted 227 patients during the postintervention period. Of the 135 admitting physicians, 17 overlapped between the pre-and postintervention periods. Analysis of the structure of only the confirmed AMI discharges demonstrated that a total of 88 physicians admitted 180 confirmed AMI patients to VUH cardiology units (a mean of 2 6 1.67 patients per provider; median, 1.5; range, 1-11). Of these, 53 physicians admitted 105 patients during the preintervention period, and 43 physicians admitted 75 patients during the postintervention period. Of the 88 admitting physicians, eight overlapped between the pre-and postintervention periods.
Although Admission Advisor was directed at the admitting physician (i.e., only the admitting physician is exposed to the intervention), a certain proportion of individual treatment orders, including aspirin and beta-blockers, was entered by different providers throughout the hospital stay. For example, among 427 suspected AMI patients who had an aspirin order placed within the first 24 hours of admission, 40 (8.7%) patients had aspirin ordered by a provider different from the admitting physician. Similarly, 37 of the 396 patients (9.3%) with a beta-blocker order placed within the first 24 hours of admission received the order from a provider different from the admitting physician. Also, among 168 confirmed AMI patients who had an aspirin order placed within the first 24 hours of admission, 21 (12.5%) patients had aspirin ordered by a provider different from the admitting physician. Similarly, 28 of the 152 patients (18.4%) with a beta-blocker order placed within the first 24 hours of admission received the order from a provider different from the admitting physician. Table 1 illustrates the characteristics of the study cohorts. A total of 313 suspected AMI patients admitted during the preintervention period had a mean age of 62.27 6 15.13, 60% were male and 70% were white. The mean age of the 227 suspected AMI patients admitted during the postintervention period was 60.75 6 14.02; 63% were male and 72% were white. Similarly, 105 confirmed AMI patients admitted during the preintervention period had a mean age of 63.60 6 14.06; 68% were male and 70% were white. The mean age of the 75 AMI patients admitted during the postintervention period was 65.28 6 14.07; 68% were male and 68% were white. There were no significant demographic differences between patient cohorts considered for the pre-and postintervention periods.
Acute Coronary Syndrome Order Set Use
As illustrated in Table 2 , for all suspected AMI admissions to VUH cardiology units, there was a significant increase in ACS order set use after the implementation of the Admission Compliance with the Evidence-based Quality-of-care Metrics Results of analyses comparing recommended early aspirin and beta-blocker ordering before and after the implementation of Admission Advisor are illustrated in Table 4 . Implementation of the Admission Advisor did not yield a significant increase in early aspirin or beta-blocker ordering for both patient cohorts.
Finally, analyses comparing compliance with evidence-based quality-of-care indicators for the AMI patients admitted prior to the implementation of the Admission Advisor were conducted to investigate the effect of the CPOE-based dischargeplanning tool on the current study results. A comparison of early aspirin and beta-blocker use before and after the implementation of the discharge-planning tool for AMI patients admitted before the implementation of the Admission Advisor period indicates that implementation of the dischargeplanning tool yielded a significant increase in beta-blocker use (p 5 0.003 by x 2 test) within the first 24 hours of admission. 
Discussion
Leape 33 previously identified important steps that can significantly reduce the risk of medical errors. These include reducing reliance on memory, improved access to information, standardization of care, and training. Care provider order entry systems offer a good platform on which to develop interventions that implement these steps and reduce errors. The AHA guidelines for AMI recommend the use of aspirin and beta-blockers within the first 24 hours of admission. Moreover, early aspirin and beta-blocker prescription has been mandated by JCAHO as part of its AMI core quality measures unless it is contraindicated (e.g., active peptic ulcer disease and allergy for aspirin and severe asthma or chronic obstructive pulmonary disease for beta-blockers). In an effort to standardize care and prevent errors of omission, we instituted a CPOE-based decision-support tool that improves admission practices by integrating best of care procedure/ diagnosis-specific order sets into the admission workflow. In this study, we evaluated the effectiveness of this intervention on the use of the ACS order set and the association of its use with adherence to two quality-of-care indicators for AMI, aspirin, and beta-blocker use within 24 hours of admission. The implementation of the Admission Advisor yielded a significant increase in ACS order set use for patients who satisfied the criterion for suspected AMI at the time of admission to VUH cardiology units. Furthermore, use of the ACS order set was associated with a significant increase in recommended early aspirin ordering and a nonsignificant increase in early beta-blocker ordering. For confirmed AMI discharges that satisfied the criterion for suspected AMI at the time of admission, there was an increase (nonsignificant) in ACS order set use and a nonsignificant increase in trend toward significance for early aspirin ordering associated with ACS order set use. It is possible that the increases observed for these parameters did not achieve significance due to the relatively small cohort sizes in the current study. These results suggest that the intervention had a significant impact on all admissions that satisfied the criteria for a suspected AMI. Although the results show similar trends for the subpopulation of suspected AMI patients who were later discharged with confirmed AMI, the overall impact was not significant, possibly because the sample size for suspected AMI admissions with confirmed discharge diagnosis of AMI was too small to detect a significant effect.
Even though implementation of the Admission Advisor yielded a significant increase in ACS order set use, pre-and postintervention differences with respect to early therapy were not significant both for aspirin and beta-blockers for both cohorts considered in this study. The intervention evaluated in this study did not have a direct measurable effect on compliance with recommended early aspirin and betablocker ordering behavior. We suspect these results were partly due to the relatively low rates of the ACS order set use even after the implementation of the Admission Advisor and to the high rates of compliance with aspirin and beta-blockers before the implementation of the Admission Advisor. Although the use of the ACS order set was significantly increased after the implementation of the Admission Advisor, postintervention ACS order set use rates remained relatively low (64% to 70%). Given the existing opportunity to further improve ACS order set use, we are currently investigating some alternative strategies to improve the effectiveness of the Admission Advisor. One of these strategies is to capture the significant diagnoses and conditions of the admitted patients (e.g., problem list) in a codified format, to monitor aspirin and beta-blocker use for all eligible patients, and periodically prompt the physicians based on the assessed status of compliance with aspirin and beta-blockers for the identified patients during order entry.
A number of paper-based quality improvement studies for AMI evaluated the impact of incorporating guidelines into care processes by creating tools that reinforced adherence to evidence-based practices. [6] [7] [8] Mehta et al. 6, 7 instituted an AMI quality improvement tool that targeted collaborative care focusing on physicians and nurses. They reported that use of AMI standard admission orders was correlated with a significant improvement in early administration of aspirin and beta-blockers and early measurement of lipids. In another study, Biviano et al. 8 demonstrated increased adherence to AMI quality-of-care indicators after the implementation of a paper-based chest pain protocol accompanied by a set of standardized orders for patients presenting with ACS. These tools were all paper based and included a preprinted standardized AMI admission orders sheet as part of the quality improvement initiative.
Additional studies have employed template-based approaches similar to the present study to increase compliance with guidelines. 21, 34 Lobach et al. 21 integrated clinical guidelines for the long-term management of diabetes via a computer-generated patient encounter form and demonstrated an increase in physician compliance with the targeted guidelines. Henry et al. 34 incorporated clinical guidelines into care processes by representing guidelines as structured encoded text organized into the online patient encounter template. Template-based approaches require the clinician to take extra cognitive steps in applying a particular guideline to the current situation. Therefore, they can be applied to complex guidelines for which automated versions are very difficult to implement. 35 In a CPOE-based intervention that targeted the increased use of preventive care for hospitalized patients, Dexter et al. 16 found that automated reminders increased ordering rates for prophylactic aspirin at the time of discharge for patients with coronary artery disease.
This study has several limitations. The before-and-after design has the flaws inherent to any study design with historical controls. Also, even though the GEE analyses performed adjusted for the dependency over repeated patient-level outcome measures for each admitting physician, lack of one-toone mapping between physicians and patients in an inpatient environment did not allow adjusting for every physician who entered orders during the study period. A team of physicians including interns, residents, fellows, and attending physicians enter orders for an individual patient during the hospital stay. For example, even though it is the admitting physician who is exposed to the intervention (i.e., only one physician admits the patient), it is not always the admitting physician who enters aspirin and beta-blocker orders later during the hospital stay. However, the design of the Admission Advisor allows the admitting physician's choice of using the order set to have a downstream effect on subsequent users by setting the selected order set as the default order set. Therefore, we expect that the action of the admitting physician will influence the behavior of the other physicians who enter orders for the same patient subsequently, allowing GEE adjusting for the admitting physician to be a valid model for the analysis of the data. Another limitation of this study is that the postintervention period included July, the month when new house staff members enter the residency program. Finally, cardiology unitbased case managers assign all cardiology patients to a diagnosis/procedure-specific pathway and ensure that the care delivered to the patients complies with the interventions outlined for the pathway in a timely and cost-effective fashion. Therefore, it is possible that their actions decreased the relative effect of the intervention on compliance with the quality measures considered in this study.
Another reason that we believe has contributed to the absence of significant pre/post difference in early aspirin and betablocker use is institutional implementation of the overlapping in scope AMI discharge-planning tool eight months prior to the implementation of the Admission Advisor. The discharge-planning tool was designed both to improve discharge processes and to document the level of compliance with JCAHO-mandated discharge quality measures for AMI patients. It addressed therapeutic actions related to those targeted by the Admission Advisor including the promotion, when appropriate, of aspirin and beta-blocker prescription at discharge. A pre-and postdischarge-planning tool comparison of early aspirin and beta-blocker ordering demonstrated significantly higher early beta-blocker ordering after the implementation of the discharge-planning tool. Aspirin ordering within the first 24 hours of admission in the predischarge-planning tool period was high and remained so in the postdischarge-planning tool period. These high compliance rates during the preintervention period of our study require a much larger patient population to demonstrate significant pre/post differences in early aspirin and beta-blocker use.
A final consideration influencing the current study is the lack of use of the CPOE system in the Emergency Department at the time of the study. This affects reported study results in two ways. First, the time the patient spends in the Emergency Department represents the earliest phase of hospital care, and, ideally, the Admission Advisor interventions should have been available during that time but were not. Second, it is possible that patients who had ''obvious'' clinical and laboratory signs of AMI while in the Emergency Department received aspirin there and that clinicians on the admitting cardiology ward were aware of this and did not give additional aspirin until at least 24 hours had elapsed (making their behavior appear to be ''noncompliant''). The latter situation would artificially decrease the reported rates of aspirin administration in the current study.
In summary, a CPOE-based intervention designed to improve admission practices by prompting physicians to initiate disease/diagnosis-specific order sets at the time of admission was evaluated and resulted in a significant increase in ACS order set use for all suspected AMI admissions and a nonsignificant increase for the confirmed AMI patients. Moreover, when the ACS order set was used, patients had a higher chance of receiving aspirin and beta-blockers within the first 24 hours of admission. Before-and-after evaluation of the intervention, however, did not have a direct measurable impact on early therapy. Provision of just-in-time information at the time and place that it is needed has been among the most useful applications of computerized decision support. Such applications result in enhanced safety and increased efficiency by significantly reducing the chance of error caused by reliance on memory, limited access to information, and a lack of care standardization and training. Despite the proven effectiveness of computerized decision support, its acceptance by providers for optimal compliance remains to be a challenge.
